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Brief Summary Text - BSTX (11) : 

Referring particularly to FIG. 1, precursor structure 1 
is of conventional 

structure and includes a lower metal feature 11, e.g., of 
copper (Cu) or a 

Cu-based alloy, in-laid within a first, or lower, ILD layer 
10 overlying a 

substrate (not shown in the figure for illustrative 
simplicity) , typically a 

monocrystalline Si wafer. Precursor structure 1 further 
comprises a thin 

nitride layer 14, typically a silicon nitride (Si. sub. x 
N.sub.y) layer from 

about 300-1000 .ANG. thick, e.g., about 500 .ANG. thick, 
formed, as by 

conventional techniques, to overlie the ILD layer 10 and 
its in-laid metal 

feature 11. Second, or upper ILD layer 12 is formed, as by 
conventional 

deposition techniques, to overlie the thin nitride layer 
14. In this context, 

portion 14 ' of thin nitride layer 14 overlying metal 
feature 11 serves both as 

an etch stop layer during patterning of the second, upper 
ILD layer 12 to form 

a desired opening 15 therein as part of the metallization 
process, and as a 

protective layer for preventing deleterious reaction of the 
metal feature 11, 



05/30/2003, EAST Version: 1,03.0002 



e.g., oxidation, nitridation, etc., during processing 
antecedent to filling the 

opening with a metal material, e.g., during reactive plasma 
etching of the 

second, upper ILD layer 12 to form opening 15. 
Organic -based photoresist layer 

13 formed over the second, upper ILD layer 12 and patterned 
by conventional 

photolithographic masking and etching techniques serves as 

an etch mask during 

the reactive plasma etching. 



Brief Summary Text - BSTX (12) : 

Adverting to FIG. 1(B), subsequent to formation of 
opening 15 in second, 

upper ILD layer 12, according to conventional processing 
methodology, the 

patterned photoresist mask is then removed by means of a 
plasma ashing process, 

typically utilizing an oxygen (O.sub.2) or nitrogen 
(N. sub. 2) -based plasma (or 

a mixed O.sub.2 /N.sub.2 or N.sub,2 /H.sub.2 plasma ) with 
admixed argon (Ar) 

gas functioning as an inert carrier gas/diluent for the 
0 . sub . 2 , N . sub . 2 , 

O.sub.2 /N.sub.2, or N,sub.2 /H.sub.2. 



Brief Summary Text - BSTX (13) : 

As utilized herein, the term "plasma ashing" designates 
plasma processes for 

removing organic -based photoresists, e.g., subsequent to 
their use as etch 

masks, etc. By way of illustration only, a typical O.sub.2 
-based plasma ashing 

reaction is conducted (in a suitable reactor) between a 
carbon (C) - and 

hydrogen (H) -containing photoresist material generally 
designated by the 

formula C.sub.x H.sub.y, and plasma-activated oxygen 
species , generally 

designated as O.sup.*. according to the following 
equation, in which each of 

the reaction products is volatile and thus readily removed 
from the reactor 
chamber : 
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Brief Summary Text - BSTX (15) : 

As indicated above, the active plasma ashing gases, 
e.g., 0 * sub . 2 , N , sub . 2 , 

O.sub.2 /N.sub.2, or N.sub.2 /H.sub.2 mixtures, are 
frequently supplied to the 

interior space of the plasma reactor admixed with inert 
argon (Ar ) gas as a 

carrier gas/diluent, in order to facilitate plasma 
formation and moderate the 

plasma ashing reaction. However, as indicated in FIG. 
1(B), argon ions 

(Ar.sup.+) generated in the ashing plasma bombard the 
exposed surfaces of the 

precursor structure 1 to sputter etch the exposed surfaces 
thereof at various 

etching rates, depending upon the particular material. 
However, inasmuch as 

the portion of the nitride etch stop/protective layer 14 
exposed at the bottom 

of opening 15 is initially very thin, typically only about 
500 .ANG. thick, 

any loss of thickness thereof arising from sputter etching 
by Ar . sup . + ions 

during plasma ashing of the photoresist layer 13 for 
removal thereof, is 

problematic from the viewpoint of the requirement for 
maintaining the integrity 

and continuity of the thin nitride layer 14 prior to its 
desired removal 

immediately before opening 15 is filled with a metal, as in 
via formation. 



Brief Summary Text - BSTX (24) : 

According to an aspect of the present invention, the 
foregoing and other 

advantages are obtained in part by a method of removing a 
photoresist layer 

from a workpiece by means of plasma ashing, comprising the 
steps of: (a) 

providing the interior space of a plasma reactor with a 
workpiece including at 

least one layer of a photoresist material on a surface 
thereof; (b) supplying 

the interior space of the reactor with a gas mixture 
comprising a plasma ashing 

gas and a carrier gas/diluent for the plasma ashing gas. 
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the carrier 

gas/diluent comprising an inert gas having an atomic weight 
greater than that 

of argon (Ar ) ; and (c) removing the at least one layer of 
photoresist material 

from the workpiece surface by generating a plasma 
comprising the plasma ashing 

gas and the carrier gas/diluent within the interior space 
of the reactor by 

supplying electrical power thereto at a level which is less 
than that supplied 

to the reactor when utilizing Ar gas as a carrier 
gas/diluent for the plasma 

ashing gas, whereby deleterious sputter etching of the 
workpiece resulting from 

bombardment of the workpiece by the ionized carrier 
gas/diluent of the plasma 

is eliminated, or at least substantially reduced, relative 
to when Ar gas is 

utilized as the carrier gas/diluent. 



Brief Summary Text - BSTX (30) : 

According to another aspect of the present invention, a 
method of 

manufacturing a semiconductor device comprises the 
sequential steps of: (a) 

providing a workpiece comprising: (i) a semiconductor 
substrate having a 

surface; (ii) a first dielectric layer overlying the 
substrate surface, (iii) 

at least one metal feature in- laid in the surface of the 
dielectric layer; (iv) 

a thin, protective/etch stop layer overlying the at least 
one in-laid metal 

feature and the first dielectric layer; and (v) a second 
dielectric layer 

overlying the thin, protective/etch stop layer; (b) forming 
a layer of a 

photoresist material over the surface of the second 
dielectric layer; (c) 

patterning the layer of photoresist material to define at 
least one opening 

therein at least partly overlying the at least one metal 
feature; (d) forming 

an opening extending through the second dielectric layer to 
the thin, 

protective/etch stop layer by an etching process utilizing 
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the patterned layer 

of photoresist material as an etch mask, the opening 
comprising a bottom 

surface formed by the thin, protective/etch stop layer; and 
(e) removing the 

patterned layer of photoresist material from the surface of 
the second 

dielectric layer by a plasma ashing process, comprising: 
(i) installing the 

etched workpiece within the interior space of a plasma 
reactor; (ii) supplying 

the interior space of the reactor with a gas mixture 
comprising a plasma ashing 

gas and a carrier gas/diluent for the plasma ashing gas, 
the carrier 

gas/diluent comprising an inert gas having an atomic weight 
greater than that 

of argon (Ar ) ; and (iii) removing the patterned layer of 
photoresist material 

from the surface of the second dielectric layer by 
generating a plasma 

comprising the plasma ashing gas and the carrier 
gas/diluent within the 

interior space of the reactor by supplying electrical power 
thereto at a level 

less than that supplied to the reactor when utilizing Ar 
gas as a carrier 

gas/diluent for the plasma ashing gas, whereby deleterious 
sputter etching of 

the protective/etch stop layer forming the bottom surface 
of the opening in the 

second dielectric layer is eliminated, or at least 
substantially reduced, 

relative to when Ar gas is utilized as the carrier 
gas/ diluent , thereby 

maintaining protection of the at least one in-laid metal 
feature from reaction 

with the plasma ashing gas during the plasma ashing of the 
patterned layer of 
photoresist material. 



Detailed Description Text - DETX (4) : 

The methodology of the present invention is applicable 
to a plasma ashing 

processing for removal of a wide variety of organic -based 
photoresists, such 

as, but not limited to, Shipley UV 210. TM, and UV 110. TM., 
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and Sumitomo AX 

655. TM,, and to a variety of semiconductor processing 
applications/ sequences 

wherein deleterious physical sputtering of the workpiece 
and/or various 

constituent layers thereof must be avoided or at least 
minimized. For example, 

the present invention may be utilized in metallization 
processing utilizing 

dual -damascene techniques for plasma ashing of photoresist 
layers utilized in 

forming openings in ILD layers. Referring to FIG. 2(B), a 
dua 1 - dama s cene 

workpiece 2 comprises an underlying metal feature 21 formed 
in a first, or 

lower ILD layer 2 0 overlying a semiconductor substrate (not 
shown for 

illustrative simplicity), e.g., a monocrystalline Si wafer, 
a thin nitride 

layer 14, analogous to nitride layer 14 of FIG. 1 and 
functioning as an etch 

stop/protective layer for the underlying metal feature 21, 
and a second, or 

upper ILD layer 22 having a dual damascene opening 24 
comprising an upper, 

wider portion 24U and a lower, narrower portion 24L formed 
therein . Opening 24 

in upper ILD layer 22 is formed by conventional 
photolithographic patterning 

and etching techniques utilizing a patterned photoresist 
layer similar to 

photoresist layer 13 utilized in forming the 
single-damascene opening of FIG. 

1, which photoresist layer is removed by plasma ashing 
according to the 

invention. The resultant structure shown is shown in FIG. 
2(B), wherein it is 

apparent that little or no deleterious physical sputtering 
of the thin nitride 

layer occurs when an inert carrier gas/diluent having a 
higher atomic weight 

than Ar is utilized and the plasma power is maintained at a 

level less than 

that utilized with Ar. 



Claims Text - CLTX (1) : 

1. A method of removing a photoresist layer from a 
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workpiece by means of 

plasma ashing, comprising the steps of: (a) providing the 
interior space of a 

plasma reactor with a workpiece including at least one 
layer of a photoresist 

material on a surface thereof; (b) supplying said interior 
space of said 

reactor with a gas mixture comprising a plasma ashing gas 
and a carrier 

gas/diluent for said plasma ashing gas, said carrier 
gas/diluent comprising an 

inert gas having an atomic weight greater than that of 
argon (Ar ) ; and (c) 

removing said at least one layer of photoresist material 
from said workpiece 

surface by generating a plasma comprising said plasma 
ashing gas and said 

carrier gas/diluent within said interior space of said 
reactor by supplying 

electrical power thereto a level less than that supplied to 
said reactor when 

utilizing Ar gas as a said carrier gas/diluent for said 
plasma ashing gas, 

whereby deleterious sputter etching of said workpiece 
resulting from 

bombardment of said workpiece by ions of said carrier 
gas/diluent formed in 

said plasma is eliminated, or at least substantially 
reduced, relative to when 

Ar gas is utilized as said carrier gas/diluent. 



Claims Text - CLTX (12) : 

12. A method of manufacturing a semiconductor device, 
comprising the 

sequential steps of: (a) providing a workpiece comprising: 
(i) a semiconductor 

substrate having a surface; (ii) a first dielectric layer 
overlying said 

substrate surface; (iii) at least one metal feature 
in-laid in the surface of 

said dielectric layer; (iv) a thin, protective/etch stop 
layer overlying said 

at least one in- laid metal feature and said first 
dielectric layer; and (v) a 
second dielectric layer overlying said thin, 
protective/etch stop layer; (b) 

forming a layer of a photoresist material over the surface 
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of said second 

dielectric layer; (c) patterning said layer of photoresist 
material to define 

at least one opening therein at least partly overlying said 
at least one metal 

feature; (d) forming an opening extending through said 
second dielectric layer 

to said thin, protective/etch stop layer by an etching 
process utilizing said 

patterned layer of photoresist material as an etch mask, 
said opening 

comprising a bottom surface formed by said thin, 
protective/etch stop layer; 

and (e) removing said patterned layer of photoresist 
material from said surface 

of said second dielectric layer by a plasma ashing process, 
comprising: (i) 

installing the etched workpiece within the interior space 
of a plasma reactor; 

(ii) supplying said interior space of said reactor with a 
gas mixture 

comprising a plasma ashing gas and a carrier gas/diluent 
for said plasma ashing 

gas, said carrier gas/diluent comprising an inert gas 
having an atomic weight 

greater than that of argon (Ar ) ; and (iii) removing said 
patterned layer of 

photoresist material from said surface of said second 
dielectric layer by 

generating a plasma comprising said plasma ashing gas and 
said carrier 

gas/diluent within said interior space of said reactor by 
supplying electrical 

power thereto at a level less than that supplied to said 
reactor when utilizing 

Ar gas as a said carrier gas/diluent for said plasma ashing 
gas, whereby 

deleterious sputter etching of said protective/etch stop 
layer forming said 

bottom surface of said opening in said second dielectric 
layer is eliminated, 

or at least substantially reduced, relative to when Ar gas 
is utilized as said 

carrier gas/diluent, thereby maintaining protection of said 
at least one 

in- laid metal feature from reaction with said plasma ashing 
gas during said 

plasma ashing of said patterned layer of photoresist 
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Detailed Description Text - DETX (28) : 

Referring now to FIG. 5, there is shown a schematic 
cross-sectional diagram 

illustrating the results of further processing of the 
microelectronics 

fabrication whose schematic cross- sectional diagram is 
illustrated in FIG. 4a. 

Shown in FIG. 5 is a schematic cross-sectional diagram of a 
microelectronics 

fabrication otherwise equivalent to the microelectronics 
fabrication whose 

schematic cross-sectional diagram is illustrated in FIG. 
4a, but wherein the 

blanket second hard mask layer 3 8 has been patterned to 
form the patterned 

second hard mask layers 3 8a and 38b while employing a first 
etching plasma 42, 

in conjunction with the patterned photoresist layers 40a 
and 40b as a first 

etch mask layer. Within the second preferred embodiment of 
the present 

invention when the blanket second hard mask layer 3 8 is 
preferably formed of a 

hard mask material selected from the group of hard mask 
materials including but 

not limited to silicon oxide hard mask materials, silicon 
nitride hard mask 

materials and silicon oxynitride hard mask materials, the 
first etching plasma 

42 preferably employs an etchant gas composition which upon 
plasma activation 

provides an active fluorine containing etchant species. 
More preferably, the 
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first etching plasma 42 employs an etchant gas composition 
comprising a 

f luorocarbon, such as but not limited to a perf luorocarbon 
or a 

hydrof luorocarbon, or alternatively sulfur hexafluoride or 
nitrogen 

trifluoride, along with an optional sputter gas component 
such as but not 

limited to argon or xenon. The first etching plasma 42 may 
be employed within 

a magnetically enhanced reactive ion etch (MERIE) method or 
a high density 

plasma reactive ion etch (HDP-RIE) method. High density 
plasma reactive ion 

etch (HDP-RIE) methods typically employ the sputtering 
component . 
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